We demonstrate a THz-metamaterial that exhibits a frequency selective resonant response based on the polarization of the incident field. The metamaterial is based on a asymmetric split-ring resonator structure. A polarization-insensitive design is also presented. Metamaterials are man-made materials formed of an array of individual units designed to have specific electromagnetic properties. They present novel electromagnetic properties that are unattainable in naturally occurring materials [1] [2] [3] and their response is scalable from radio [4] to optical frequencies [5] . Therefore, they have the potential to provide a scale-invariant design paradigm to create functional materials which can enhance our ability to manipulate, control, and detect electromagnetic radiation. The terahertz (THz) region of the electromagnetic spectrum offers considerable application potential for covert communications, spectroscopic imaging of illicit and hazardous materials and chemical or biological sensing [6] . Therefore, designing and fabricating novel THz metamaterials [7] will allow for the development of new and improved devices to target some of these applications.
Metamaterials are man-made materials formed of an array of individual units designed to have specific electromagnetic properties. They present novel electromagnetic properties that are unattainable in naturally occurring materials [1] [2] [3] and their response is scalable from radio [4] to optical frequencies [5] . Therefore, they have the potential to provide a scale-invariant design paradigm to create functional materials which can enhance our ability to manipulate, control, and detect electromagnetic radiation. The terahertz (THz) region of the electromagnetic spectrum offers considerable application potential for covert communications, spectroscopic imaging of illicit and hazardous materials and chemical or biological sensing [6] . Therefore, designing and fabricating novel THz metamaterials [7] will allow for the development of new and improved devices to target some of these applications.
We have designed, fabricated, measured and simulated polarization sensitive and polarization insensitive THz metamaterials. Both designs present spectrally selective transmissions but they have different polarization dependence, making them ideal for different applications. The polarization sensitive metamaterial could be the basis for various THz polarimetric devices, e.g. polarization multiplexers for communications or analyzers, or for devices used to study dichroism in molecules of interest, e.g. molecules whose optical activity changes with environmental cues. Polarization insensitive metamaterials could find applications in filtering, imaging and communications.
The polarization sensitive metamaterial's unit was developed from a circular split ring resonator (CSRR) with resonances in the THz range, see Fig. 1 (a). It was modified to break symmetry by replacing the inner split circle with a split ellipse resulting in the elliptical split ring resonator (ESRR) shown in Fig. 1(b) . The CSRR is the polarization insensitive metamaterial unit. Both metamaterial designs were fabricated simultaneously on semiinsulating GaAs out of 100Å Ti and 2000Å Au. and the major axis of the ellipse (or the horizontal radius of the circle -see Fig. 1(b) ), where the propagation vector remained perpendicular to the plane defined by the metamaterials at all times (see insets in Fig. 3 ). Fig. 2 shows the experimentally measured transmission spectra of the CSRR and the result of electromagnetic modeling using finite-element software [8] . The transmission spectrum is independent of the polarization angle relative to the horizontal and presents two minima, at 0.69 and 1.64 THz. The modeling results differ slightly from the experimental results when comparing the resonance amplitude and position, therefore possible explanations for this discrepancy will be discussed. The simulations provide us with the electric field and surface current density distributions at resonance, allowing us to assign the lower frequency resonance mostly to circulating currents in the outer ring and charge accumulation at the gaps, i.e. an inductive-capacitive (LC) resonance in nature, and the higher frequency resonance to a dipole like response. Having such a spectrally selective transmission in a polarization insensitive metamaterial makes it ideal for filtering applications as alignment with a linearly polarized source is not an issue and it can be used with elliptically polarized sources as well. 3(a) shows the experimentally measured transmission spectra of the ESRR. When the incident polarization is parallel to the major axis of the ellipse, i.e. 0 deg, there are two minima occurring at 0.79 and 1.94 THz. When the incident polarization is perpendicular to the major axis of the ellipse, i.e. 90 deg, the minima are found at 0.59 and 1.39 THz. Fig. 3(b) shows the results of electromagnetic modeling of the transmission spectra. It shows good agreement with the experiments in terms of the resonance amplitude and position. Simulation results allow us to attribute the resonance at 0.79 THz mainly to an LC resonance and the resonance at 1.39 THz mainly to an electric dipole type resonance, although the distinction is not as clear as in other metamaterials. In the simulation results of the surface current density distributions, the path of the circulating currents, for the resonance at 0.59 THz, and dipole-like behavior, for 1.39 THz, are not as clearly identified. Additional experimental results at intermediate angles will be presented. Such a polarization sensitive, spectrally selective device gives us a basis to develop a polarization multiplexer.
